W
ork-hour regulations, implemented in July 2003 by the Accreditation Council for Graduate Medical Education (ACGME) (1) , have reportedly reduced housestaff fatigue (2) , but often at the cost of increased transfers of patient care among residents (3) . Each transfer of care requires the communication of patient information from the departing clinician to the arriving clinician. If this "sign-out" is performed imperfectly, with misunderstanding or loss of information, harm to patients may result (4 -12) . These risks of increased handoffs may mitigate the expected benefits of reduced housestaff fatigue, resulting in an uncertain net result for patients.
Literature on the impact of work-hour limits on patient outcomes is conflicting and has been hampered by small sample sizes, few clinical outcomes, and design limitations (13) . Only 3 studies have included a control group to account for temporal trends in quality improvement (14 -16) . No study of the new ACGME regulations has included patients in an internal medicine ward, a highvolume group of complex patients.
Given the expense of this policy change (17), its broad effects on residency programs and residents (2) , the statement by the ACGME that improving patient care was a "major impetus" for the regulations (18), and the lack of conclusive study before its wholesale enactment (13) , the impact of the new work-hour regulations on patient outcomes is critical to evaluate. Randomized trials are not feasible because the change was mandated simultaneously for all residency programs. A simple comparison of patient outcomes in different years is subject to bias, however, because of changes in practice and quality of care over time. Lack of control for these temporal trends in outcomes is perhaps the most important limitation of most previous studies. To avoid this problem, we compared changes over time in outcomes of 2 cohorts at the same hospital, one cared for by housestaff (teaching service) and the other by hospitalists (nonteaching service). This approach allowed us to evaluate the association of work-hour regulations with changes in a broad range of outcomes for internal medicine inpatients while controlling for temporal trends by using a concurrent control group of similar patients whose caregivers were not directly affected by workhour regulations.
METHODS
We conducted a retrospective cohort study at YaleNew Haven Hospital, comparing outcomes before and after work-hour regulations in medical patients receiving care by housestaff and those receiving care by hospitalists. Patients were assigned to the teaching or nonteaching services on the basis of time of day. Each day, admitted patients were first assigned to teaching teams until the team caps were reached, regardless of severity of illness. All subsequent admissions for the day were assigned to the nonteaching service. This policy was consistent throughout the study. Of note, patients transferred out of the intensive care unit (ICU) were usually assigned to teaching teams. Transfers between teaching and nonteaching services were unusual.
Teaching System before Work-Hour Regulation
A team comprised 1 resident (postgraduate year 2 or 3) and 2 interns. Before 1 July 2003, the resident and 1 intern remained in the hospital overnight on call every fourth day, during which they cared for their own patients and briefly for those of 1 other team. A resident on nightfloat service arrived at 8 p.m. to assume care of the patients not on the on-call intern's team. On days when no one from the team was on call, interns signed their patients out to a different team's on-call intern, who then relinquished them to the resident on night-float service at 8 p.m. Over 4 weekdays, a patient typically experienced 8 transfers of care.
Teaching System after Work-Hour Regulation
On 1 July 2003, the teaching service schedule was reorganized to better comply with work-hour limitations. There was no transition period. Residents no longer stayed overnight; they were replaced by "nocturnalists"-nonresident physicians who did the work of the night resident. This position was filled by 2 hospitalists and a large pool of moonlighting fellows. In addition, a resident on day-float service was instituted to assist with postcall care of patients so that the postcall team could leave by noon. This reorganization added 1 extra transfer of care every 4 days and increased discontinuity because of the large number of rotating nocturnalists, the new resident on day-float service, and the absence of an on-call primary resident at night. The average patient had approximately 2 physicians added to the care team; patients with long lengths of stay saw a much greater increase. However, these changes also increased the average clinical experience of those supervising nighttime patient care because all nocturnalists had completed residency. Intermittent checks of time cards completed by housestaff showed that average weekly hours were within the 80-hour limits. No physician extenders were added to reduce housestaff workload, and housestaff on the wards was not extended beyond the addition of the resident on day-float service.
Nonteaching System
The nonteaching service did not change after workhour regulation. The primary hospitalist team for each patient (comprising a physician and 1 or more physician assistants) was present during the day. Each night, including weekends, night staff was present in the hospital for coverage of the nonteaching service. Night physicians attempted to maintain continuity by covering the same patients each night, but this was not universally achieved. Day staff signed out directly to night staff every day of the week. Over 4 days, a patient typically experienced 8 transfers of care. In the year after work-hour regulations were enacted, the nonteaching service increased in both volume and number of providers, such that the number of patients per provider remained similar. (The Appendix, available at www.annals.org, contains full details of work schedules before and after work-hour regulation on both services.)
Data Sources
We obtained administrative claims data for all patients discharged from the medical wards between 1 July 2002 and 30 June 2004, excluding patients discharged from HIV and oncology wards, which were restricted to teaching service teams. We derived medication error data from 2 databases kept by the hospital pharmacy. One contained all automatically generated warnings of drug-drug combinations with potential for harm. The interaction list was dynamic: 53% of the interactions (323 of 615) were added on or after 1 July 2003. The other pharmacy database recorded all direct interventions made by pharmacy staff. Pharmacists themselves generated each intervention and categorized the intent of the intervention. For this study, we restricted the database to include only those interventions made to prevent an adverse event.
Context
Studies of resident work-hour restrictions and patient outcomes have had design limitations and inconsistent findings.
Contribution
This study compared changes in the rates of 7 clinical measures over a 2-year period for patients discharged from a teaching service that followed the ACGME workhour rules to changes for patients discharged from a nonteaching hospitalist service. Favorable changes in rates of intensive care unit utilization, discharge to home or a rehabilitation facility, and pharmacist interventions to prevent drug error were more marked in the teaching service than in the hospitalist service.
Caution
Without a direct comparison of teaching services with and without restricted hours, this study has similar design limitations as those of previous studies.
-The Editors
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Independent Variables
Patients were stratified into the teaching or nonteaching cohorts on the basis of their team assignment at discharge. The unit of analysis was hospitalization; patients admitted more than once could be included in more than 1 cohort. We collected data on age, sex, race or ethnicity, insurance status, and admission source for each patient. To account for variability in case mix over time, we grouped the principal diagnosis codes into 259 clinically similar diagnosis categories by using the Clinical Classifications Software categorization (19) and then constructed a casemix variable that included the most common or severe 21 diagnoses plus 1 for all other diagnoses. We used the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM), secondary diagnosis codes to assign a risk severity score to each patient by using the Deyo adaptation of the Charlson comorbidity index (20, 21). Analyses using the Elixhauser method of comorbidity adjustment yielded similar results (22) .
Dependent Variables
Outcome measures were ICU stay, length of hospital stay, discharge disposition, 30-day readmission rate to Yale-New Haven Hospital, pharmacist interventions to prevent adverse events, and drug-drug interactions. We dichotomized discharge disposition as discharge to home or rehabilitation facility versus discharge elsewhere (including death), and we included only patients admitted from home or through the emergency department for analysis of this outcome. We also evaluated in-hospital death, but this was an exploratory analysis because of the small number of events.
Statistical Analysis
Because this was a retrospective, single-center study, our sample size was determined by hospital volume. We compared patients' characteristics and outcomes before and after work-hour regulation within each group and between groups by using chi-square tests for categorical variables and t tests for continuous variables. We used the generalized linear model for length of stay, which has a long right tail. After testing several link functions and distributional assumptions, we found that a ␥ distribution with a logarithmic link (␥ regression) best fit the data. For pharmacy interventions and medication interactions, we constructed generalized linear models by using a Poisson distribution and a logarithmic link function with an offset for log length of stay (Poisson regression).
We then constructed multivariable models to estimate the association of time with each outcome measure within each group while adjusting for patient characteristics (age, sex, race or ethnicity, insurance status, admission source, principal diagnosis, and comorbid condition). No independent variables had a bivariate correlation greater than 0.6 or a variance inflation factor greater than 2.0. To avoid overfitting, we prespecified the multivariable models to include all patient characteristics because of their clinical importance (23) . However, in our exploratory model of inhospital death, we included only 3 covariates (age, Deyo score, and admission source) because of the small number of events in each group (24) . We used logistic regression for binary outcomes, ␥ regression with logarithmic link for length of stay, and Poisson regression with an offset for log length of stay for medication interactions and pharmacy interventions. For death, we used a generalized estimating equation to account for the nonindependence of death in repeated admissions of the same patient. We also performed the analysis by using a random-number generator to randomly select only 1 admission per patient, and we repeated the sampling 100 times (25) . Both approaches yielded similar outcomes, and we present the results of the first approach.
To determine the net association of work-hour regulations with outcomes on the teaching service, controlling for secular trends in outcomes observed in the nonteaching service, we constructed multivariable models of the general form:
where time and teaching status were binary indicator variables set to 1 for the post-work-hour regulation period and teaching service, respectively, and ␤ 3 is the coefficient for the interaction between them. A statistically significant time-service interaction indicates that the change in outcome over time was different for the 2 services. However, in nonlinear models, ␤ 3 does not reliably represent the estimate for the net change associated with the interaction (26) . Consequently, we elected to show outcomes for each cohort within each time period and derived net changes and CIs directly by bootstrapping (27) . We estimated the net change associated with work-hour regulations by computing the difference over time in the teaching cohort minus the difference over time in the nonteaching cohort. This analysis thus corrects for any difference between groups at baseline (before work-hour regulation).
To test whether the disproportionate inclusion of patients with ICU stays on the teaching service was responsible for any findings, we performed a sensitivity analysis that excluded all patients with ICU stays from the data set. All outcomes were similar, and none changed in statistical significance. Two authors performed statistical analyses, with review by other study members. All statistical tests were 2-tailed and used a significance level less than 0.05. We used SAS, version 9.1.2 (SAS Institute, Cary, North Carolina), for all analyses.
Role of the Funding Sources
The Human Investigation Committee at Yale University School of Medicine deemed this study exempt from review and granted a waiver of patient consent and a Health Insurance Portability and Accountability Act
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Work Hours and Quality www.annals.orgwaiver for utilization of administrative data. At the time the study was conducted, Drs. Horwitz and Kosiborod were Robert Wood Johnson Clinical Scholars, and Dr. Horwitz was supported by the U.S. Department of Veterans Affairs. Neither source had any role in the design, analysis, or interpretation of the study or in the decision to submit the manuscript for publication.
RESULTS
The study sample comprised 7018 patients discharged from the teaching service and 2954 patients discharged from the nonteaching service in the year before work-hour regulation, and 7242 and 3710 patients discharged from each service in the year after work-hour regulation. Admission source was missing for 95 discharges (56 teaching, 39 nonteaching); all other demographic information was available for every discharge. Table 1 presents baseline characteristics of the cohorts. Daytime (7 a.m. to 7 p.m.) admissions to the teaching service increased from 80% before to 82% after work-hour regulation, and daytime admissions to the nonteaching service decreased from 43% to 38%. Table 2 presents unadjusted results. In the teaching group, patients admitted after the work-hour regulation had a lower rate of ICU stay (12.4% before vs. 9.9% after; After adjustment for age, sex, race or ethnicity, insurance status, admission source, comorbid conditions, and case mix, the decrease in deaths in the teaching service reached statistical significance (2.41% vs. 2.03%; P ϭ 0.047). All other outcomes within both cohorts were similar to unadjusted outcomes. Table 3 shows adjusted differences in outcomes over time.
Group Comparisons

Interaction Results
We found no statistically significant interaction between time period and teaching service status for adjusted length of stay, rate of 30-day readmission to Yale-New Haven Hospital, or drug-drug interactions. Three differences were statistically significant, all showing improvement in the teaching service relative to the nonteaching service after work-hour regulation: ICU utilization, discharge to home or rehabilitation versus elsewhere, and pharmacist interventions to prevent error ( Table 3) . The exploratory analysis of in-hospital death revealed no statistically significant interaction between time period and teaching service status.
DISCUSSION
We compared outcomes in patients cared for by housestaff and those cared for by a nonteaching hospitalist service. We found that, relative to what would have been expected without the regulation, work-hour limits were associated with statistically significant improvements in 3 outcomes: ICU stay (decrease, 2%), discharge to home or rehabilitation versus elsewhere (increase, 5%), and pharmacist interventions to prevent errors (decrease, 1.9 interventions per 100 patient-days). We did not find statistically significant differences in length of stay, 30-day readmission rate to the study hospital, drug-drug interactions, or inhospital death. Overall, the regulations were associated with neutral or positive changes in all of the outcomes we studied.
The effect size of the improvements was substantial for pharmacy interventions and was more modest for ICU admissions and discharge disposition. In terms of the number needed to treat for benefit, we would need to admit 10 patients for a typical 5-day hospital stay to avert 1 pharmacy intervention, 20 patients to avert 1 adverse discharge disposition, and 50 patients to prevent 1 ICU admission. Most important, we did not observe unintended negative consequences for patients after work hours were reduced. Further study would be necessary to confirm the presence and magnitude of benefit associated with the institution of work-hour regulations.
There are several possible mechanisms by which workhour regulations might have improved patient outcomes. First, reduced fatigue among housestaff may have made a real difference to clinical care. Second, the increase in discontinuity may not have been substantial enough to affect outcomes. Third, clinical involvement by more senior physicians-such as fellows and attending physicians-may have increased to compensate for discontinuity of care and frequent turnover of housestaff. Fourth, the use in the teaching service of nocturnalists with more clinical experience than residents may have improved outcomes even though they had less knowledge of the patients. Finally, the dramatic changes to workflow may have-at least tempo- 
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Work Hours and Quality www.annals.orgrarily-prompted more attention to patient safety and clinical care. More work is needed to distinguish between these possible effects and to test the sustainability of the results in future years. Our finding of 1.9 fewer pharmacy interventions per 100 patient-days after work-hour regulation is remarkably similar to that of a recent study, which found 1.7 fewer medication errors per 100 patient-days in the ICU with reduced work hours (16) . The similar degree of improvement is particularly notable because our study included ward patients, whose care is often transferred overnight to physicians with many responsibilities and little knowledge of the patients. Two studies with similar study designs were set in New York after the state enacted work-hour regulation in 1989 (28) . One reviewed mortality in internal medicine patients in the early 1990s (14) and the other examined safety in surgical patients in the late 1990s (15); neither found substantive changes. Both studies were limited by the assignment of teaching status to the hospital as a whole, possibly obscuring effects in hospitals that have both teaching and nonteaching services, such as the one in our study. Many before-after studies without a nonteaching control have yielded conflicting results (10, 29 -35) . Our study was larger and broader than these studies, and the nonteaching control allowed us to draw more robust conclusions.
An important feature of our study design is that both teaching and nonteaching patients within the same hospital environment were included, allowing us to distinguish effects of time from effects of work-hour regulation. For example, medication interactions increased statistically significantly in the teaching group after work-hour regulation. With the benefit of the nonteaching service comparison, we found that medication interactions had increased over this period for all medical patients, as expected because of the addition of interaction rules to the database. Thus, the increase in these errors did not provide evidence of harm associated with work-hour regulation, an inference that might have been made without a comparison group.
Additional strengths of this study include our detailed knowledge of schedule changes and implementation at the hospital and the use of data sources beyond traditional administrative data. However, our study has several limitations to consider in its interpretation. The nonrandomized design limits conclusions about causality. Nonetheless, our inclusion of a control group and the consistent direction of the findings lend credence to the conclusions. Second, this was a single-institution study, although this institution's schedule changes were very similar to those made nationally (3). Third, we relied largely on administrative data, which may contain inaccuracies or omissions; do not provide sufficient information to determine whether care was appropriate, patient-centered, humane, technically proficient, efficient, or timely; and cannot provide a complete picture of adverse events (36) . Fourth, our study was not powered to detect mortality effects because of the relatively small number of events. Fifth, we were able to examine only a limited number of outcomes. Other outcomes, such as diagnostic delays, might have been more affected by increased discontinuity. Finally, the design of our study assumes that without the work-hour regulation, teaching service patients would have had the same changes in outcomes as nonteaching service patients did. However, because patients were consistently assigned to teaching teams earlier in the day and nonteaching teams later in the day, some systematic bias in patient population may have caused outcomes on one service to change differently than the other over time, even without regulation. It is reassuring that when we removed the most notable bias-patients with ICU stays, who were primarily assigned to the teaching service-the results were essentially unchanged.
In summary, we found that a major reorganization of patient care to reduce resident work hours was implemented without evidence of harm to patients, despite con- 
APPENDIX: WORK SCHEDULE FOR TEACHING AND NONTEACHING TEAMS
Teaching System before Work-Hour Regulation A general medical team comprised 1 resident (postgraduate year 2 or 3) and 2 interns. Before 1 July 2003, the resident and 1 intern remained in the hospital overnight on call every fourth day, during which they cared for their own patients and briefly for those of 1 other team. While on call, an intern could admit up to 6 new patients; the overall caseload cap for interns was 12 patients. A resident on night-float service arrived at 8 p.m. to assume care of the patients who were not on the on-call intern's team. If a patient without a private attending physician arrived before 1 a.m. and the on-call team had already reached their caseload cap, the resident on night-float service admitted the patient as a holdover for the on-call team for the following day. Each on-call team was allowed 1 holdover patient.
On the postcall day, the team members remained until they had completed their work for the day and were then free to sign out and leave. On days when no one from the team was on call, interns remained in the hospital until approximately 5 p.m. and then signed their patients out to that day's on-call intern. The on-call intern then relinquished the patients to the resident on night-float service at 8 p.m.
Over 4 weekdays, a patient typically experienced 8 transfers of care.
Teaching System after Work-Hour Regulation
On 1 July 2003, the teaching service schedule was reorganized to better comply with work-hour limitations. There was no transition period. The call cycle remained 4 days long, and oncall interns continued to stay overnight as they had under the old system. However, residents no longer stayed overnight, and they were asked to leave by 8 to 10 p.m. Their place was taken by "nocturnalists"-nonresident physicians who did the work of the night resident. The position of nocturnalist was filled by 2 hospitalists and a large pool of moonlighting fellows.
The cap for on-call admissions to interns was reduced from 6 to 5 patients; the total caseload cap remained at 12. If the team had not yet reached their caseload cap by the time the resident left, the nocturnalist admitted any further patients with the oncall intern. Patients arriving after 1 a.m. or after the teams had reached their cap were no longer held over for the following morning's on-call team, but they were sent directly to the nonteaching service. The only exceptions were patients who had just been discharged from the teaching service; if the team that had cared for the patient during his or her first admission were still on the wards, the patient was returned to the teaching service in the morning as a "bounce back." In addition to admitting with the on-call intern, the nocturnalist assisted with the care of the team's patients and cross-coverage of patients belonging to teams that were not on call.
On the postcall day, the resident returned and spent a full day in the hospital, but interns were asked to leave by noon. To facilitate this, a resident on day-float service was instituted to assist with postcall care of patients.
There was no addition of physician extenders to reduce housestaff workload nor any expansion of housestaff on the wards besides the resident on day-float service.
Intermittent checks of time cards completed by housestaff showed that average weekly hours were within the 80-hour limits.
Nonteaching System
Patients admitted after the teaching teams had reached their caseload cap were sent directly to a large nonteaching service staffed by physicians and physician assistants. This service had no contact with housestaff, and patients were not transferred between services. There was no attempt made to distribute patients among teaching and nonteaching services according to illness severity, "teaching value," or any criteria other than time of day.
The nonteaching service did not change schedules after work-hour regulation. The primary hospitalist team for each patient (comprising a physician and 1 or more physician assistants) was present during the day. Each night, including weekends, night staff was present in the hospital for coverage of the nonteaching service. Night physicians attempted to maintain continuity by covering the same patients each night, but this was not universally achieved. Day staff signed out directly to night staff every day of the week. Over 4 days, a patient typically experienced 8 transfers of care.
In 2002-2003, the year before work-hour regulation, the day staff was composed of 4 physician hospitalists and 6 physician assistants. In 2003-2004, the year after work-hour regulation began, 2 medical doctors and 4 physician assistants were hired onto the day staff to offset an increase in patient volume on the nonteaching service.
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